ABSTRACT
INTRODUCTION
Hierarchical data is traditionally represented as a directed tree with the root at the top and the tree unfolding beneath with parents pointing to children. Alternative representations take advantage of some intrinsic properties of the tree, such as placing the root at the center and drawing the children around, but all of these suffer from the same problem: as the size and complexity of the tree increase, it becomes impractical to display in limited space. The Tree-Map algorithm was developed to efficiently render large trees consisting of millions of nodes, such as a UNIX file system (Shneiderman, 1992) .
Tree-Maps have a simple recursive definition: a parent node is drawn as a box and each of its children are drawn as boxes within it. In this way, a tree, no matter how large, can be rendered in a predefined space. Even when fine structure of underlying nodes cannot be displayed in detail, the size of the node can indicate the number of children it contains.
Since its birth, many other applications of Tree-Maps have been prepared, two of which are visualizing stock portfolios (Jungmeister and Turo, 1992) and visualizing * To whom correspondence should be addressed. the analytical hierarchy process in decision-making (Asahi et al., 1995) . Its success in these areas suggests that the Tree-Map algorithm could have beneficial applications in functional genomics where large and complex hierarchies exist.
CONCLUSIONS
Based on our experience with microarray data and ontological data, we found that the TreeMapClusterView and GenePlacer applications of Tree-Maps provide a better global view of relationships in a hierarchy. Although boxes cannot be infinitely drawn within each other on a computer screen, Tree-Maps can handle this obstacle much more gracefully than traditional tree visualizations because each parent encodes some of its descendants information. So, even when children are clipped from view, their properties remain. Furthermore, zooming capabilities are implemented so that a user can quickly drill down to the leaves. In addition to its hierarchical semantics, color and size can be used to convey further information. Our implementation of Tree-Maps in TreeMapClusterView and GenePlacer presents a useful alternative technique to explore large and complex hierarchies in functional genomics. With this technique, we can reveal interesting relationships that may otherwise have gone unnoticed.
